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1. Introduction 


Millipedes are vegetarian and feed on dead and decaying leaves. Being predominantly 
woodland organisms they mostly oceur in the surface region of soilsrespecially in the litter 
‘ayer. where they can plav a decisive role not in the plant litter decomposition, but also in 
anerobial dissemination and in mixing and inoculating soil microhabitats with bacteria an d 
fungi which they carry on their body surfaces. Although their feeding habits and digestion 
have been studied in detail by many authors (Nrcnotson et al., 1966; Marcuzzi 1970; 
Wooren & Crawrorp 1975: Popozsny 1978; KHETRALLAH 1979; ete), we have, at present, 
only very few data on population composition at the specific level, properties of their inte- 
stinal bacterial populations and on their role in the passive dispersal of microbes. In the 
next issues of this journal we intend to present results from studies of the bacterial inhabi- 
tants. eeto- and endocommensals and microsvmbionts of these animals. In the present 
study an attempt is made to compare the actinomycetes living, as stable members of the 
gut community, in dense populations in the digestive canal of millipedes, with those detec- 
S by light- or electron microscopy on various surface structures of the exoskeleton of 

Mi plopoda. 


2. Materials and methods 


2.1. Animals involved in comparative investigations 


Specimens of Leptoin/us prozimus Nemec, Chromatotulus projectus Veru.. Cylindroiulus luridus 
IC. L. Koca), Cylindroiulus boleti (C. L. Kocu) and Unciger foetidus (C. L. Koch) were collected (Au- 
sust, 1977 and July, 1980) from the litter laver of brown forest soils | Wald-Braunerde) in the Vértes 
mountains, about 40 km west of Budapest, at an elevation of approximately 170 m above sea level. 


2.2. Isolation of actinomycetes from faecal material 


Serial dilutions prepared from gut contents or fresh excrement samples obtained aseptically 
under laboratory conditions were plated onto glucose-ammonium phosphate medium [glucose 10..0 g 
(NH, HPO, 40 g, NaC1 5.0 g, K,HPO, 2.0 g, MgSO, 1.0 g, CaCl 0.4 x, FeSO, 7 Hy 0.02 z, Mnš0," 
+ H,O 0,01 g, agar 20,0 z, distilled water 1000 ml, pH 7.2]; nutrient agar (peptone 3.0 g, beet extract 
30-2. agar 20.0 s, distilled water 1000 ml, pH 7.2): starch-casein medium [soluble stareh 10.0 g, 
asein LD s, Na. HPO, 0.5 g, agar 15.0 g, distilled water 1000 ml, pH 7.5]: and the glyverol-arginine 
medinm of Er-NAREEB & LECHEVALLER (1963) {arginine-monohydroetioride LO g, giveerol 12.5 s, 
A.HPO, LOg Natl LY g, Meš0," 7 H,O 0.54, Fe(S0,) 6 HO DUW g, Uuš0,- 5 HELO DNOL x, 
Zan), - SELO UNI z, Maso, ELO NDDL 2, agar 15.0 g, distilled water 1000 ml, pH 6.9—7.1]. 
solations Were made randomly, and the isolates were transferred onto slopes of oarmeul agar. 
Mrer priričicarivn, the vultures were maintained on oatmeal and/oc on starch-cusein agar. The plate 


uunrs 


S ut bacteria amil actinomyretes ou each medium were also estimared. 
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2.3. Tsolation of actinomycetes adhering to surface siructures of the less 


Elertia nyh rosvopy slwed hét the st ry intriti Surtareé® strictures ul 
side imas le znirerusives avaikike žav colonization. or towed: gate for j : 
Hierohes, The direct examinations of freshly collerted millipede speciniems by Nehri 
revewed. that on the legs. especially berween the k mije proresses of the tarsa) teria 
always larce numbers- of artinomyrete conidia and bacterial cells more or less loosely « persed. T 

isalate these süriare calonizers and passive passenrers. a method was used whith apprexiniat o 
to the process by which the millipedes inerulate soi) particles with the bacteria. which adhere qe a 
surjare of their metarhvoniusty moving jees. The individual animals were repearediy plared iru tis 
surface of ghiroseammonjum phosphate. nutrient. starch-rasein and “iveerol-arginine anar plates 
These media were inoculated by the legs of the millipedes in decreasing density with the zadne al 
the period on the agar surfave. After aseptically removing the animal. the plates were incubated at 
28 °C for 3—12 days. Isolation, purification and maintenance of isolated organisms were rarned owt 
as ontlined under 2.2. 
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2.4. Comparison of the isolated strains 


The isolated and purified actinomycete strains proved to be the members of difierent ve. rg 
Therefore appropriate methods were used to distinguish them. i 

For the identification of Streptomyces strains the methods and medja used in the Inierritiana 
Streptomyces Project (Summuxe & GOTTLIER. 1966: Sz4gó et al. 1975) were used. Far the idenrič,. 
cation of gut-isolates. micromorphological properties in wet-chamber agarfilm-enltures and o utora 
features on agar plates were studied. Jn addition to the ISP-media, Czapek s sucrose asar. veast 
extract starch agar [veast-extračt 10.0 e, soluble starch 20,0g, agar 15.0 ¢. distilled wate: THW m] 
pH 7.0] proposed by Lvenpeman (1971) jor the maintenance of Mreromonosnora strains. beei-extracs- 
peptone agar [beei-extract 0.3 g. peptone 1.0 g. azar 20.0 g, distilled water 2000 ml. pH TO} snd 
simple water-ngar [agar 20.0 g, tap-water 1000 mlj were also used. Decomposition of cellulose vas 
tested in the presence of veast-extract [yeast-extract 5.0 g. CaCO, 1.0 g. agar 15.0. distilled water 
1000 ml. pH 1.0} and without it in synthetic media of different composition with cellulose [us 
Macuerey & Nacer. MN 300] as sole source of carbon. Starch hydrolysis was determined usins a 
medium containing peptone 6.0: €. beei-extract 5.) g. NaC) 5.0g. starch JO g. agar 15.0 2, distilled 
water 1000 ml. pH 7.0. Nitrate reduction was tested jr nitrate broth [veast-extract D.U s, ejucose 
10.0 g, KNO,1.0¢. CaCO, 1.0¢, distilled water 1000 ml]. Proteolytic potentialities were tested in gelatin 
glucose medium and in skim milk agar. The potentialities to utilize various carbon compounds was 
determined partiy in yeast-extract agar (LUEDEMAN 1971), and partiy in Pridham and Gottliet’s syn. 
thetic basa] medium (SHIRLIN6 & GOTTLIEH 1966). Temperature range of growth was observed up vessi- 
extrirt-stareh agar. Sensitivity to antibjoties was determined bv the use of sensitivity diske mia 
fartured by the Institute dor Serabactenological Production and Research “Human”, Haw. pesi. 


2.5. Methods used ior detecting the presence of gui actinomvcetes in the litter laver 


At the sampling sites of millipedes. litter-samples rich in decaving and partly decomposed plan: 
leaves were also collected. These underwent the sate bacteriologica! quantification and isoidt ce 
Procedures as used for detectine the composition of the iuecal acunomveete community. 


3. Results and discussion 


A comparison of the relative frequency of actinomycetes within the total bacterial co 
munities of the freshly collected faecal materjal. the consumed litter matter and on surtar 
of the legs. was made for Chrematoiuius projeetus. using starch-casein agar for platine anc 
isolations. This resulved in 18. 2.5 and 457, frequencies. respectively. These data were nb 
tained in the course of four first study with millipedes. in 1977. Laver (in 1980) we jonna 
iregueneje> of artinoniveetes up te 54%, in the faecal matter oF Ch. projectus. The lize 
laver in which millipedes live always comains actinvmycetes which are predominant! 
streptomycetes. Also the wet or dry leaves consumped by the animals are loosely covered 
with strepiomycete hyphae and conidia. K is interesting that the relative fregnenev ci 
actinomiveeres is highest on the body surface vi millipedes. In the gut they are still qui 
irequent. constituting a yar? of ibe enormonsi> iuvremed gut baereria! community. 7 
litter. and within iis. the decaying plani waterial produced reiatively iow counts ol è 
noniycetes, The qualitative analyses of the acto yeeie punidauions of the abovesmentT| ous 
three habitats showed that on the surface stractures of the legs and other appendices oi 1i 
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wecskeletna, Sireplamyces species (presumably in the form of conidia) are the predominant 
ansians. Br contrast, in the faecal flora they are only sporadically nerurring wiens. Tr 
rover iene ea whith bart et the Millipede dizestive canal streotunireeres ure Killed. but 
selear raat their aamiers (leerease marceul > (hiring tie git massage. Alzo their numbers 
gu uniTemelv low ne even zero in the trestily eolleerert fnecul peters. Vouseguenrhe, on che 
waulacioa dynamics of strentomyceres in the cullipede milieu tuere ure two contrasting 
pruresses, Their aceurnulacivn on the Dody surrace and their elimination from che intestinal 
Anat. 

“le data in Table E oleariy show phat the size pra myves strains identified from among the 

tarts of the awar surface prints ut Chrometoules orojestus legs represent a mide range ni 
specus, Only very few ime bacteria were isolated from these plates. Therefore we caneliude 
char the Surtaee <rructures of these animals tend to select mostiv foe strepromyvecete conidia, 
esther than vegetative bacterial cells. 

Promier © Vieraats showed, 1972) that attraction ocenrs between the strongiv hydro- 
hulie sauce of oireplomures griseus and the livdrophobie cuticle of arrhrapuds, Spores 
La ornans ure dispersed very efficientiv. carried externally rather than in the gut contents. 
V sati AEO pala. 

in zhe (urestinal canal of millipedes there is a significant increase in the total number 

womrmveetes nad in their relative frequener wethin the gut bacterial community. [n 
ie vars od Oh. prajeetus. this relative inerease in Frequency was considerable. [t ranged from 
0° in the consumed litter matter t LS", in the bind sur aud fresh faecal pellets, from 

ve First. observations in (477, These intestinal setinomycetes do not belong fo Streptony- 
vene, Ther constitute, in the gat of the (ndividual animal specimens, taxonomically 
very Lomwgensous populations, in zhe ease uč O). projvečus, they constitute one species. 
These gut actinomeeetes shuw close murphylogical similarity to the otherwise very rarely 
wrarriug genus Promicromonospora KRassttxigoy et al, 1981. Analysis of the gut ilura 
vt specimens of five different millipede species collected in 1980, showed a similar situation. 
in riwe fresh Greral pellets, the ratio oë bacreria to actinomyecetes was relatively narrow und 
The serimi reces tonsisred peedominaatly except of a few sporadically oveurring unidenti- 
"led Oe pes ami trie stre rom cesTesi uf neamistns Which were ju many resprets idenrival with 
these firer' sa lnrad From the faeces of Ch. prowetust Table 2). These actinomycetes, ilesignated 
Wf Pou coe gora, seem to be true inhabitants of che millipede intestinal canal, as they 
Were nor isobired trom the animals’ feeding habitats, nar did they peeur on the body sur- 
ote oF Dimonnila. 

On the hasis of a detailed studv of more than 50 strains oë these Promieromonas pora, 
rne zur inhabitants isolated from the faeces and gut uf Ch. projectus in UWT7, we can charav- 
teoriye thet as follows. All strains produce strongly developed yellow or yellowish substrate 
uiseviluni, The sessile spores occur singly on the individual hyphae of abont Lon diameter 
Pie L, Ther du not produce aerial mveelium. fp the presence of peptone or veast-exteace 
fie shtrire hyphae do noc ramain infact, bat gulekly fragment tate encevid or longer 
slepenie In aueh vases the yellow colonies are glistening, soft. pasty and seemingly very 
similar co zene haererja. Nitrates are reduced to nitrites. but they do not show proteolytic 
A TISTE es anal cellulose decomposition. They can grow at pH 3.0, in 5% NaCl andat 30 "4. 

Vit rea Necompounds as sole nitrogen sources in the media, they utilize maus 

"i pien upade awii us fretus zliense. maunuse. lavruse, anecuse, dextrin, 
OA m» peshtantt to plistin, nulidie-ivid, uvstatij, ete. and sensitive th rar- 
ree nipansrin and poleeavciu-B. Although the individual >trnins show sume dičive- 
o> of edon wilizution, resiszaace to antibiotics, urease aud phosphatase aerivities 


. n rhoceunstito če carinties we u situle v willy spesies. This species sawi pohiti 
` if Bre F f tha gli iN mini (Či, fit. 
TTA K zrahi i prezimi ite aitan nal yar 
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Table 1. Deseription of selected Strepiomyces spp. isolated from agar-surface prints of moving 
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D-ny-A-16 St. albogriseolus group S Sm : ps None 
D-ny-A- § St. flavidovirens ? RA Sm Y Yellowish 
D-ny-A-12 St. flavidovirens RA Sm Y: None 
D-ny-A-10 St. fulveviolacens RF Sm Y Yellowish 
D-ny-A-15 St. galtieri RF Sm Y Vellowish 
D-ny-A-11 Si. melanosporofaviens RA Sm Y None 
D-ny-A- 7 St. nitrospareus RF Sm x None 
D-ny-A-17 St. nitresporens RF Sm Y None 
D-ny-A-JH St. nitrosporens RF Sm Y Yellowish 
D-ny-A-32 St, nitrosporeus RF Sm Y Yellowish 
D-ny-A-33 Si. nitrosporeus RF Sm Y Yellowish 
D-ny-A- 4 St. nojirensis $ Sm A Yy None 
D-ny-A- 5 St, parvas group RF Sm Yelow  Y-b Yellowish 
D-ny-A- 9 St. plicatus S Sm Red Y-h Yellowish 
D-ny-A-22 St, rubiginosohelvolus RF Sm Red Y-h None 
D-ny-A- Si. spadicis RF Sm Gray Y-b Nane 
D-ny-A-23 | St. umbrosns S Sm Grav Y-b Yellowish 
T-ny-A-24 Si umbrosus S Sm Gray Y-b Yellowish 
Deny-A- 2 9 Streptomyces sp. 1. RF Sm Red Y-b Yellowish 
D-ny-A-1S Streptomyces sp. 11. RF Sm ? Y-b — red None 
D-ny-A-26 Streptomyces sp. ILL RF Sm Gray Y-b Yellowish 
D-ny-A-30 Streptomyces sp. IV. RF Sm Grav Y-b — red Yellowish 
T-ny-A-31 Streptomyces sp. V. RF Sm Gray Y -b - red Yellowish 


Abbreviations: St. = Streptomyces: RF = Rectiflexibiles: S = spiral; RA = Retinaenli aperu 


Table 2. The ratio of bacteria to actinomycetes in the total bacterial flora and the irequenrs o 
occurrence of Promicromonospora-type organisms within the actinomycete fraction in the iresb 
faecal material of different species of millipedes* 


Animal Species Bacteria: Promicromonosporu-type organisms in the 
Actinomycetes artinonycete fraction (%,,) 

Leptorulus proxoanus özl >97 

Chromatoiulus projecius 23] >iH 

Oglindroiulus luridus 9:3 > 

Cylindroiulus boleti 223 >S6 

U neiger foriidus SI > 4 


Piat count teruiniyiie was used. Tae cells of individua: colonies on the agar plates we 
evimined imorpiuloziealiv bejore caunrine. For the identification and inrther studies of Prom 
MeHospora type orranjsmis oveurrine in the Jeares oj all species of millipedes in these series oj Invest 
gations iin 1480) altogether 250 strains were isolated. These are maintained in our culture collection. 
The plating media were: glucose-ammonium phosphate-, nutrient-. starch-casein- and glycerol- 
arginine-arar, 
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¥-b = Yellow-brown: Sm = Smooth; — = Positive unfizatiun: — = No growth, 


iin D=B=A-12), after ttelacs eyshiatinn at 5 °C 
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The systemativ position of the genus Prumieromonosjora Krassiixikov et al. 146] ge 
uncertain at present. Promicromonospora was mentioned by Lrevemann in Bergey's Manual 
of Determinative Bacteriology (1974) among the genera “incertae sedis”. but later (1980) 
it was included in the approved list of bacterial names by SKERMAN et al. (1980). The two, 
otherwise completely identical. strains of this genus isolated and studied previously produce 
aerial mycelium: this is completely lacking at our isolates. According to LECREVALIER 
(cit. Lcepenaxx, in Bergey's Manual, 1974). their cell wall composition is of type Group 
VI. Dr. Bananas and his colleagues (Biological Institute of the Medica) Univ., Debrecen, 
1981, persona] communication). who studied the composition of the cell wall of our gut- 
isolates detected the presence of lysine, alanine. glutamine and threonine, but both meso- 
and LL-diamonopimelic acids were absent. This finding confirms decisively that the species 
in the gut of Ch. projectus do not belong to Micromonosporaceae (since the members of the 
Jatter have a cell wall of type Il. ITI or IV whieh all contain diaminopimelic acid) but are 
very closely related to Promicromonospora. A detailed description and a more precise taxa- 
nomic identification of this interesting new type of gut-bacteria will he given in our next 
publication. 
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Synopsis; Uricinal seienufic paper 


Dzryeov. A. K. MiRntaciceri. K.Jicen. €. Vontreras, L. Sonpics and L M. Szago, 1982. 
ianlies on the microtlons of millipedes | Diplonodaj. LA compacsen of wennomyveres isolated From 


sifiuwe structifes ot the exoskelegon and the digestive crane. Vedo 24, L—T, 


. 


eti veečes show a very slarucreristiv striburion partern ca (rrer zni sailineviu iavblrives 
ča the litter itself. strepromveeres predominala Duu They nave oniy z SUUOLLIUUACE roja in rhe Total 
huereriai community or che litter. Uonidin of ofreptomyres spo. Tend ro wliere To and aveumulnra 
on the hvdrophobic surtace structures oč the exoskeieron of millipedes, where Chey san constitute 
mure than 90 per cent of che cotal microbial passengers. In che digestive vanul vt millipedes there is 
un ineresse in both the absolure number pf arrinomveetes and chetr relative (requeney of occurrence. 
a vontrast To the litter and bodv sirrare usranomvevre populations coasisting muniv of diverse 
crepcom SETE sores. in the cut of (Wromatoraiuis orameina VERA, VIV a single Promieromonnsnora- 
"vpr peces ran dijiriplv and artain force onpulacion densities- Althougn turther investigations dre 
necessary. it is clear that the ¢ie-fiora of other Uiplopoda species contains sumiluc. ULeze nomorenenis 
aennomveete Eruerions vompused of Proverromonoxperd-type organisms. These are true gic-inaot- 
rants which do noc oreur outside phe intestinal milieu vi millipedes. 


Key words: Diplopoda, Promirromonospora, zut-ilora, uctinomycetes. 


